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CHAPTER I 
INTRODUCTION 
Background of t h e  problem. The tape  recorder has become a 
-- 
s tandard  teaching aid i n  many schools with t h e  development o f  high 
1 
f i d e l i t y  t a p e  recording s ince  World War 11. Because of i t s  r e l a t i v e  
s i m p l i c i t y ,  ease of operat ion,  and lower opera t ional  c o s t s  it has almost 
completely supplanted wire and d i s c  recording. W i l l i a m  Sur and Charles 
Schu l le r ,  i n  Music Education f o r  Teen-agers have sa id ,  "The uses of the  
- -
t ape  recorder  i n  music a r e  v i r t u a l l y  without l i m i t s .  It i s  a t  once a 
2 
t ime saver ,  a convenience, and a powerful i n s t r u c t i o n a l  tool.I1 Further,  
in The Band Directors  Handbook i t  i s  s t a ted ,  "The magnetic tape  recorder 
--
is  one of  t h e  band d i r e c t o r s  most valuable teaching tools." 3 
S t a r t i n g  with the  poorest  home recording equipment and mater ia l ,  
qood educational  recording has graduated t o  the  b e s t  professional  
equipment, f o r  only r e s u l t s  of highest  f i d e l i t y  can s a t i s f y  the  low- 
f a t i g u e  requirements of the s c h o 0 1 . ~  
Many schools have moderately good t o  excel lent  tape  recording 
equipment, but  through a lack of knowledge of t h e  user  they do not  
l ~ o h n  W. Molnar, ItTeaci.ing with the Tape Recorder .I' Music 
Journal ,  LXVI (Fay, 1961), 44. 
L William 13. Sur and Charles F. Schul ler ,  Music Education for 
Teen-aners ( N e w  York: Harper and Brothers, 195~) 369. 
'clyde li. Duvall, - The School Band Directors ilandbook 
(Englewood C l i f f s ,  New Jersey: P r a  m,1366),.r 
2 
perform up to t h e i r  c a p a b i l i t i e s .  Mary a d  Robert Marshall have made 
t h e  fo l lowing statement: 
We have appra ised  recordings of  school  bands and orches t ras  -- 
n o t  f o r  a r t i s t i c  t a l e n t  displqyed, bu t  to make suggestions about 
microphone placement and rearrangement of  instruments before r e -  
cording. Too o f t e n  microphone placement has been determined by 
e l e c t r i c a l  o u t l e t  l o c a t i o n s  ins t ead  of  by t e s t i n g  to f ind  out  where 
t h e  b e s t  sound could be rec0rded.l  
Sur and Schu l l e r  f u r t h e r  a s se r t ed  t h a t  music teachers  should become 
s k i l l e d  i n  t h e  use  of t h e  tape  recorder  and t h e  use of  microphones t o  
2 
secure  s a t i s f a c t o r y  recordings. 
The microphone i s  t h e  weakest l i n k  i n  producing b e t t e r  recordings. 
"No recorde r ,  no matter  how good, - A l l  g ive  m a x i m u m  performance unless  
3 
equipped with a good microphone!' The microphone is  t o  t h e  recorder  
what t h e  mouthpiece i s  t o  t h e  wind instrument. Marshall claimed t h a t  
t h e  g r e a t e s t  s i n g l e  l i m i t i n g  f a c t o r  i n  most modertely pr iced  tape  
4 
r ecorde r s  i s  the  microphone t h a t  comes with them. Regardless of how 
qood a recorder  may be, it can record only  what it  "hea.rs.l1 Thus, t he  
microphone a d  the  manner of i t s  use a r e  important cons idera t ions  f o r  
the  music teacher .  5 
L ~ a v i d  Hall, !'Notes on Symphony Recording," H i  - F i  -- Stereo  Review, 
VI (Apr i l ,  1961), 39. 
' ~ e o r ~ e  Riley,  "How t o  Choose the Proper Hicro?hone," E lec t ron ics  
World, LXIV (September, 1960), 35. 
' ~ a r s h a l l ,  9. a., p. 132. 
' ~ u r ,  . - c i t . ,  . j ~ i i .  
Microphone placement i s  a v i t a l  p a r t  o f  secur ing  b e t t e r  record- 
ings .  David H a l l ,  a p ro fes s iona l  r eco rd ing  d i r e c t o r  avowed, "Microphone 
placement is  a very  c r i t i c a l  job -- one t h a t ,  perhaps, inf luences  t h e  
1 f i n a l  r e s u l t  of  t h e  recording  sess ion  more than  any other." George 
R i l e y  has expressed, "Qu i t e  of ten ,  proper a p p l i c a t i o n  of an inexpensive 
microphone w i l l  produce supe r io r  performance over  a more expensive 
microphone, wrongly appl ied  i n  t h e  sane application." 2 
Statement  of  t h e  problem. The purpose o f  t h i s  s tudy was t o  
--
prepa re  a manual, f o r  use by t h e  school  ins t rumenta l  music d i r e c t o r ,  o f  
microphone techniques f o r  achieving more s a t i s f a c t o r y  r e s u l t s  i n  tape 
r eco rd ing  h i s  school  band. It i s  intended p r imar i ly  a s  a guide to the  
d i r e c t o r  f o r  recording  under r e g u l a r  r e h e a r s a l  condit ions.  It w a s  n o t  
the primary purpose t o  s e t  up guides f o r  recording t h e  band i n  concer t  
o r  pub l i c  appearance. Natura l ly  most of t h e  same m a t e r i a l s  w i l l  q p l y .  
Jt, was t h e  i n t e n t i o n  t o  develop quides to rehearsal recording w i t h  t h e  
available equipment, so that a reas  needing improvement can be c i t e d  i n  
o r d e r  to improve publ ic  p r f o m a n c e .  
1 
David H a l l ,  "Notes on Symphony Recording," -- H i  Fi Stereo  Review, 
VI ( ~ p r i l ,  1961),  39. 
L 
George Ri ley ,  "How t o  Choose t h e  Proper i.;icmphone," E lec t ron ic s  
World, LXIV (September, 1960), 35. 
Ir 
Scope. It w a s  t h e  scope of this s tudy to i n v e s t i g a t e  the f a c t o r s  
t o  be  cons idered  when purchasing a microphone t o  be used i n  recording 
t h e  school  band. The s t u d y  inc ludes  a ,guide to determine t h e  b e s t  
microphone placement. This  guide inc ludes  those  types of  microphones 
that a r e  inc luded with some t ape  recorders .  
The writer has surveyed the  fol lowing ma te r i a l s  r e l a t e d  to the  
sub jec t .  Included are: books on music education, acoust ics ,  acous t i ca l  
engineer ing ,  and r ad io  engineering; p e r i o d i c a l s  i n  t h e  high f i d e l i t y  
f i e l d ;  and pamphlets and ca ta logues  from microphone manufacturing 
companies and t a p e  r eco rde r  manufacturing companies. The wr i t e r  has 
had a number o f  d i scuss ions  with engineers i n  t h e  f i e l d  of  recording to  
determine t h e  importance of r e l a t e d  t o p i c s  and t o  guide him t o  mater ia l s .  
Organizat ion - of remainder --- of  t h e  re=. Chapter I1 has explained 
t h e  terms and processes necessary t o  gain a thorough understanding of 
a l l  the f a c t o r s  involved i n  t h e  s e l e c t i o n  and use  of t he  microphone. The 
f i n a l  chapter  r e l a t e s  these  top ic s  t o  t h e  s e l e c t i o n  and the  techniques 
of t h e  microphone as they  apply to t h e  high school band d i r ec to r .  
As ar, appendix, a t a p e  was recorded to i n d i c a t e  how t o  achieve 
t h e  b e s t  r e s u l t s  i n  tape  recording t h e  school  band and t o  s u b s t a n t i a t e  
t i ~ o s e  f i n d i n g s  included i n  tt-is manual. 
CHAPTER I1 
EXPLANATION OF TERMS DJD PROCESSES 
An exp lana t ion  of terms and processes  r e l a t e d  t o  t ape  recording 
i s  neces sa ry  t o  comprehend a l l  f a c t o r s  involved i n  t h e  s e l e c t i o n  and use  
of t h e  microphone. 
Sound. Sound may be def ined  a s  t h e  sensa t ion  t h a t  a f f e c t s  t he  
organs  o f  t h e  e a r  when c e r t a i n  v i b r a t i o n s  a r e  se t  up i n  t h e  surrounding 
air. I t  may d s o  be cons idered  as t h e  v i b r a t i o n s  themselves o r  t h e  
energy t h a t  produces them. Sound waves i n  t h e  air might be v i s u a l i z e d  as 
t h e  waves t h a t  propagate  from a pebble dropped i n  a pool. The d i f f e r ence  
is  t h a t  sound waves are no t  l i m i t e d  t o  one ho r i zon ta l  plane. 1 
The sound wave i n  air c o n s i s t s  o f  p e r i o d i c  changes i n  p re s su re  i n  
t!e d i r e c t i o n  i n  which t h e  sound is  t r a v e l i n g .  The f r o n t  of t he  uave may 
s t a r t  as a compression of  t h e  air molecules a t  t he  po in t  where t h e  s o d  
i s  produced. This  a m p r e s s i o n  causes a region of  high p re s su re  which 
pushes t11e ad jacen t  air p a r t i c l e s  i n  an outward d i r e c t i o n  against t h e  
n ~ i ~ h b o r i n c  p a r t i c l e s ,  t h u s  causing t h e  t h e  compression t o  move away from 
the source.  While t h i s  compression i s  moving away, t h e  v i b r a t i n g  source 
i s  moving i n  t h e  oppos i t e  d i r e c t i o n ,  causing a l o u e r i n g  o f  t h e  air p re s -  
2 
s u r e ,  c a l l e d  r e f r a c t i o n ,  to fol low t1.e compression wave. This process  
i.s c o n t i n u a l  as long as t h e r e  is  energy from the  source  o f  t he  sound. 
l ~ h a r l e s  A. Culver,  Musical Acoust ics  (New York: KcGraw-?ill 3ook 
Company, Inc.,  1956), pp. 1- 
I ,  
'Culver,  2. - c i t . ,  p. 19. 
Sound has two impor tant  c h a r a c t e r i s t i c s :  (1) frequency, t h e  
number of  v i b r a t i o n s  p e r  second which r ep resen t s  p i tch ;  and (2)  ampli- 
1 t u d e  o r  i n t e n s i t y  which determines t h e  loudness. F igure  1 i s  a graphic 
r e p r e s e n t a t i o n  o f  a simple sound wave. Time is  represented by t h e  
d i s t a n c e  from l e f t  to r i g h t .  A complete wave i s  the  d i s t ance  from one 
p o i n t  on t h e  wave l i n e  t o  a corresponding p o i n t  on t h e  next  wave. The 
curve below the l i n e  r e p r e s e n t s  t he  r e f r a c t i o n  of t h e  sound wave. A t  
t t ~ e  p o i n t  of c r o s s i n g  t h e  0' l i n e  t h e r e  i s  n e i t h e r  compression o r  re- 
f r a c t i o n .  
Few sounds, indeed if aqy, a r e  pure simple sound waves. Each 
sound i s  a c t u a l l y  a composite o r  complex sound wave which inc ludes  t h e  
harmonics o r  over tones  o f  a p a r t i c u l a r  sound as we l l  a s  its frequency 
and anpl i tude .  F igure  2 shows t h e  graphic wave form of G and D played 3 b 
on t h e  B f l a t  soprano d a r i n e t .  
A s  more instruments ,  such as i n  a band o r  o rches t r a ,  are included 
t h e  sound wave becomes i n f i n i t e l y  more complex. I t  i s  t h i s  complex wave 
t h a t  we a r e  concerned w i t h  when recordicg  the  band. The i d e a l  t h a t  i s  
s t r i v e d  f o r  i s  to  have t h i s  sound wave be recorded exac t ly  a s  it i s  and 
t l ~ e n  be p layed  back in exac t ly  the  same form as  it was o r i g i n a l l y .  A s  
y e t  no completely p e r f e c t  system has been developed, b u t  w i t h  the improved 
1 
Robert and Kary Karshal l ,  - Your Tape Recorder ( ~ e w  York: Greenberg, 
19551, pp. 13-1L. 

Figwe 2. Qraphia u8dOx-m of c l v i n s t  -8: w, (333 right, 
Dh. ( F r o m  hlvmr ,  b i a . 1  b ~ ~ ~ t i e s ,  1956.)
9 
sound systems developed i n  t he  p a s t  f e w  years a reasonable approach to 
t h e  i dea l  has been made, 
The recording process. F i r s t ,  these sounds i n  the air must s t r i k e  
-
the  microphone, the function of which i s  t o  transform these sound waves 
i n t o  corresponding e l e c t r i c a l  impulses. These impulses are  of a varying 
in tens i ty .  They are extremely weak and must be amplified. These ampli- 
f i e d  s igna ls  are then fed t o  the  recording head. The recording head is  
a very re f ined  electro-magnet, A s  the recording tape, which has a f i ne  
magnetic mater ia l  coating on one side,  passes the  recording head the  
e l e c t r i c a l  impulses a f f e c t  t h i s  coating* A s  the  tape passes on it r e t a in s  
tkese  impulses t h a t  were applied by the recording head. Figure 3 shows 
the  complete recording process i n  diagram form. 1 
The playback process. The playback process i s  nearly the reverse 
-
of the recording process Kith the  microphone =placed by the speaker. 
The recorded tape i s  passed over t t e  playback head, which i n  many cases 
is the same head as  t h a t  used i n  recordire. The playback head reproduces 
the impulses t ha t  correspond t o  those tha t  originated i n  the recording 
process. These impulses a re  then anplif ied t o  suf f ic ien t  power t o  
opc.rate the  loudspeaker. Figure 4 i s  a diagram of the complete playback 
process. 
-- 
l ~ o n a l d  C. Hoefler, A l l  - _ _  About H i  F i  Ta e Recording ( ~ r e e n u i c h ,  
Connecticut: Faucett Publications, Inc., 19& pp. 10-lc. 
4 
Ificroohone 
IS1-U- 
bape   bating Tape h a s  J 
n 
Figtwo 3. The recording process. 

12 
How accurate ly  each of these  components do t h e i r  work is  the  
determining f a c t o r  i n  t h e  f i d e l i t y  of the  resu l t an t  sound. A s  in the 
p roverb ia l  chain,  the resu l t an t  sound i s  no b e t t e r  than t h a t  of the  
1 
poores t  of t he  components. 
Microphone. Sound waves must be converted into a usable form of  
energy before they can  be recorded on tape. The microphone perfoms 
t h i s  function. It contains a diaphragm t h a t  i s  moved by the  sound waves 
t h a t  s t r i k e  it; the  rate t h a t  it moves i s  dependent upon the frequency 
o r  p i t c h  of the  sound wave. This diaphragm i s  connected to a generator 
which t r a n s l a t e s  t h a t  ac t ion i n t o  e l e c t r i c a l  impulses t h a t  can be arcpli- 
f i e d  and used to record a magnetic f i e l d  on a tape. 
The compression and re f rac t ion  of t h e  sound wave causes t h e  
diaphragm t o  move t o  and f r o ,  varying i n  speed a s  does the  sound wave 
s t r i k i n g  it. This va r ia t ion  then r e s u l t s  i n  a l i k e  var ia t ion of the 
e l e c t r i c a l  voltage from the  generator. How nearly t he  r e su l t an t  pa t t e rn  
o f  e l e c t r i c a l  voltage matches the o r i g ina l  sound i s  a measure of the 
qua l i t y  of a microphone. 
Microphones a r e  c lassed as to type by the kind of generating 
element they contain. There are  f i v e  bas ic  types. 
Carbon microphone. The e a r l i e s t  type, and probably t h e  most 
common since it i s  the  one t ha t  is found i n  the  telephone h a d  s e t ,  i s  
I 
Hoef l e r  , T. G., pp. 14-16. 
13 
t he  carbon microphone. It contains a diaphragm which exerts pressure 
upon a small container of carbon granules. An e l ec t r i ca l  current i s  
passed through the carbon which varies i n  accordance with the changes 
i n  res i s tance  of t he  carbon granules. The carbon microphone is rugged, 
but has a high in t e rna l  noise lwel and a l imited frequency response. 
It i s  not  recommended f o r  use i n  the recording of music.' Figure 5 is a 
p i c t o r a l  diagram of a carbon microphone, 
Crystal o r  - ceramic microphone. Some crys ta l l ine  materials have 
the property of generating an e l e c t r i c a l  voltage when a th in  s lab  of it 
i s  bent o r  twisted. Rochelle salt and barium t i t ana te  a re  two of these 
mater ia ls  commonly used i n  microphones. They are u t i l i zed  in  the 
c rys t a l  and ceramic types. The diaphragm i s  mechanically connected t o  a 
t h i n  s l ab  of c rys ta l ,  o r  ceramic, h i c h  bends in sympathy with the 
diaphragm as i t  is moved by sound waves. This s lab  of c rys t a l  or  ceramic 
i s  then connected to the aupl i f ier .  Figure 6 i s  a p ic tora l  diagram of a 
c rys t a l  o r  ceramic microphone, 
The c r y s t a l  and ceramic microphones are low i n  cost and a r e  light 
i n  weight. Most non-prof essional tape recorders come equipped with this 
type of microphone. However, they are affected by high temperatures and 
by h i g h  humidity. They are not recommended for  good qual i ty  music re- 
cording. 
'Gordon J. Holt, I1How to Choose a Microphone,ll -- H i  Fi Stereo 
Review, VIII (June, 1962), 39. 
5. Carbon microphorn. 

Dynamic microphone. The dynamic microphone works much t h e  same as 
a loudspeaker i n  reverse.' A voice mil i s  attached t o  the diaphragm 
which moves back and fo r th  through a strong magnetic f i e ld .  This gener- 
a t e s  a varying e lec t ron ic  s ignal  which can then  be carr ied t o  the tape 
recorder. figure 7 i s  a p ic tora l  diagram of  a dynamic microphone. 
The m a n i c  microphone can be bui l t ,very compactly. I t s  cost  i s  
in t h e  medium p r i c e  range. It is very rugged and i s  not affected by 
moisture o r  temperature. 
Ribbon - o r  ve loc i ty  microphone. The development of ribbon 
generating elements made possible t h e  f i r s t  high q u d i t y  microphones i n  
t he  e a r l y  1930's. They consis t  of a thin,  compliant ribbon, usually 
aluminum, t h a t  i s  suspended between t he poles of  a strong magnet. A volt- 
age i s  generated i n  the ribbon as it moves forwards and backwards 
through this magnetic f i e ld ,  This voltage is W e n  from the en& of the 
ribbon to be car r ied  to t h e  tape recorder. Figure 8 i s  a p ic tora l  
diagram of a ribbon microphone, 
The ribbon microphone, sometimes cal led a veloci ty  microphone, 
has a very wide frequency response but because of the  high compliance of 
t h e  ribbon, it i s  very f rag i le .  It cannot be used outside as the  ribbon 
responds wen  to the wind. xts cos t  i s  i n  the  medium to higher pr ice  
range. 2 
h o l t ,  z. G., p. LO. 
Figure 7. Dpamic microphone. 
figare 8. Ribbon ricrophone. 
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Condenser o r  capaci tor  microphone. The condenser o r  capacitor -
microphone i s  e s s e n t i d l y  formed by two p l a t e s  separated by t h e  air as a 
d i e l ec t r i c .  One p l a t e  i s  f ixed  while t h e  other  serves as the  diaphragm. 
The capacitance across  the  two terminals var ies  i n  accordance with the  
sound pa t te rn .  The output impedance of the  condenser microphone i s  very 
high and requ i res  a pre-amplifier, sometimes b u i l t  i n to  the microphone, 
which reduces the  l i n e  impedance t o  a mrkable  level .  It a l so  requires 
i t s  o m  ex te rna l  pover supply.' Figure 9 i s  a p i c to r a l  diagram of t he  
condenser microphone. 
The condenser microphone i s  used f o r  laboratory t e s t s  and pro- 
f e s s iona l  recording applications. It has a uide frequency response but 
its use  i s  l imi ted  by i t s  high cost. 
Po l a r  pat tern .  I r respec t ive  of type, each microphone has i ts  own 
pickup cha rac t e r i s t i c s ,  o r  polar pattern. Appearance i s  not necessari ly 
a t r u e  ind ica t ion  of a microphone's pickup pattern.  A s  an example, a 
microphone t h a t  is completely closed on the s ides  ard back does not 
necessa r i ly  respond t o  sounds t h a t  come only f r o m  its f ron t .  It may 
respond to sound waves from t h e  back and s ides  just as strongly as those 
from t h e  f ront .  
The pickup pa t t e rn s  can be categorized i n t o  four general classes: 
omnidirectional, b idi rect ional ,  unidirectional ,  and cardiod. The omni- 
d i r ec t i ona l  microphone responds t o  sounds u i t h  nearly the  same in tens i ty  
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from dl sides.  This is t rue  even though the microphone i s  facing i n  a 
h o r i z o n t d  plane. The b id i rec t iona l  u n i t  responds primarily to sounds 
emanating from the  f ron t  and back. The unidirectional microphone 
accepts sounds from one d i rec t ion  only. The cardiod i s  i n  ac tua l i ty  a 
spec i a l  kind of unidirect ional  microphone but i s  included here because 
it i s  used f requent ly  i n  the  recording of music. It  accepts sounds tha t  
come from within  a heartshaped area a t  i t s  front.  Pickup character is t ics  
a r e  diagrammed on a polar graph with t h e  microphone understood t o  be in 
a hor izonta l  plane at the  mid-point and facing 0'. The four  above named 
polar  responses can be diagrammed as in Figure 10. The m w  response 
i s  ind ica ted  when the  dark l i n e  f a l l s  on t he  outside c i rc le .  As the 
dark l i n e  f a l l s  toward the center the  response from t h a t  angle becomes 
less .  The l i n e  cannot be interpreted i n  any w ay as a measurement of 
distance.  It indicates  only t h e  response with 0'- being the maximum f o r  
1 
the  given microphone. 
Frequency response. Another important fac tor  i n  the  consideration 
of microphones i s  frequency response. The perfect  nicrophone would 
respond with equal i n t ens i t y  a t  all frequencies. However, i n  actual  
p r ac t i ce  t h i s  has no t  been achieved. 
1 Harold Weiler 
New York: Radio 
Figure 10. )(icmphone pol- pattun&. (RP. WeFlm, T q e  
Rocorderr and Tape Recording, 1956.) 
Frequency responses are usually expressed in terms of  a range 
between whose linits the  microphone dl1 yie ld  a usuable output, such 
a s  70 t o  12,000 cycles  per  second (abbreviated c/s i n  microphone 
1 
spec i f i c a t i ons ) .  This means t h a t  t h e  microphone w i l l  respond to 
frequencies from 70 t o  12,000 c/s; but it does not give any indication 
of how accurate ly  the  microphone responds to a l l  frequencies within t h i s  
range. 
A more accurate indicat ion of a microphone's frequency response 
c a p a b i l i t i e s  i s  a frequency response curve, showing the output a s  a 
continuing l i n e  from t h e  lowest t o  t h e  highest frequency t ha t  i t  
responds to.  I n  Figure 11, l i n e  A represents t h e  microphone t ha t  would 
have the pe r f ec t  frequency response. Line B represents a response curve 
f o r  a t yp i ca l  inexpensive c r y s t a l  microphone. Notice t h a t  the micm- 
phone represented by l i n e  B has a completely accurate response a t  only 
those po in t s  where it cmsses  the reference l ine.  The conclusion then, 
i s  t h a t  t he  more l i nea r ,  o r  f l a t ,  the response l i n e  is the  more accu- 
2 
r a t e l y  the  microphone responds to a l l  frequencies. 
Frequency response necessary to  record band instruments - fa i th -  
fu l ly .  Musical sounds a re  a complex sound wave made up of components 
ca l l ed  p a r t i a l s .  The lowest p a r t i a l  i s  designated as the fundamental. 
T h i s  i s  the tone o r  p i t ch  t ha t  i s  most often predominant. The p a r t i a l s  
have higher frequencies md are re fe rmd t o  as overtones. I n  maw 
' ~ a r , ha l l ,  op. - - c i t . ,  pp. 13-I&. 2 ~ a r s h a l l ,  z. g., p. 15 
Figure ll. ILn A rspremmtm a f lat  froquanq response. line B 
iu a resporme e w e  for m inarp.nsire duophone. ( m m  
Weller, Tape Remrdus and Tqe kcording, 1956.) 
ins tances  these  overtones are exact multiples of the fundament& In 
such cases they a r e  ca l led  harmonics. 1 
Culvsr, i n  Musical Acoustics, wrote t h a t  the qua l i ty  o r  timbre of 
a musical sound i s  determined chief ly  by t h e  number, in tens i ty  and dis- 
2 
t r i b u t i o n  o f  t he  p a r t i a l s  entering in to  i t s  composition. Further, in 
the  P r a c t i c a l  H i  F i  Handbook it is maintained, "It is the presence of 
-- 
overtones o r  harmonics which i s  responsible f o r  the difference in 
qua l i t y  between the sounds produced by the orchestra." 3 
These harmonics a r e  not present with t h e  same intensi t ies .  Some 
p a r t i a l s  may even be absent. Relative harmonic content i s  graphically 
shown by a sound spectrum chart. Figure 12 i s  sound spectra charts  f o r  
two instruments of the band. 
The length of  the ver t i ca l  l i n e  indicates  the r e l a t i ve  strength 
of t h e  a w e r a l  p a r t i a l s  present i n  the sound. These sound spectra will 
change f o r  each instnrment, and indeed for  each p i tch  on the  same 
instrument, although i n  the l a t e r  case the change will be re la t ive ly  
s m a l l .  The Fmportant consideration here is t h a t  i f  an exact semblance 
of the  sound of wind instnuaents i s  going t o  be made not only the 
fundamentals but t he  harmonics a l so  must be authentically recorded. 'Phe 
i n t ens i t y  as well  a3 the pi tch of each p a r t i a l  must be the same as they 
3 ~ r d o n  J. King, The Pract ical  -- H i  F i  Handbook ra on don: Odh- 
Press Limited, 1960), p.T. 
Mgwm 12. Sowid mpsctra c h r r t .  for tm band irutmmmts showing 
the relative bait c o n t a t  of I ~ l n g l e  note AI p m d  on each butmi- 
mmt. ( F r o m  C u l r u ,  b i c . l  ACGUSUCS, 1956.) 
a r e  present.  
Figure  13 ind ica tes  the frequencies in cycles per second of 
various instruments and sounds. The so l id  black l i n e  indicates the 
fundamental frequency r ange. The dotted l i n e  indicates the harmonics, 
o r  overtones. From the  char t  it can be seen t h a t  the fundamental and 
harmonic frequencies of these instruments range from approximately 27 to 
near ly  16,000 c/s. In - The Pract ical  H i  F i  Handbook, U g  declared that: 
-- 
Tests  have revealed t h a t  distortion--free reproduction of music 
containing harmonic components up t o  come 18,000 c/s gives the 
sensat ion of considerable mutilation, when passed by way of a f i l t e r  
which chops o f f  dl frequencies above 7,000 c/s--not only to  a 
person whose hearing i s  unimpared up to 18,000 c/s, but  also to one 
who i s  e s sen t i a l l y  deaf a t  7,000 c/sO1 
This would indicate  tha t  if a f a i t h fu l  recording of the band i s  
going to  be achieved all frequencies, both fundamental and harmonic, 
must be  recorded. LeBel re i te ra ted  t h i s  a s  follows: 
A sound w i l l  no t  be perfect ly  reproduced by e lec t r ica l  o r  
mechanical means unless the  halmonics involved are a lso reproduced. 
These h m o n i c s ,  a t  various frequencies and d i f fe ren t  degrees of 
loudness, ve t h e  character of the tone t o  the sound of each 9 instrument. 
I n t ens i t y  - and loudness. The ear i s  much l e s s  sensit ive to  changes 
i n  volume than it i s  t o  changes i n  pitch. Instead of following a l i nea r  
2 ~ .  J. LeBel, How To Hake - Good Tape Recordings (New York: Audio 
Devices, Inc.,  1 9 5 6 ) z . r  
figrue 13. ~ u o n c y  range of ruloaa inatmmnta and sounds. 
Solid llnas indiarte Muc11t.l frsqnrncy range. Dotted lines indica 
h-nica. (Fmm Weiler, T q e  Recordera and T q c  RKonllng, 1956.) 
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l a w ,  t h e  ~ m s i t i v i t ~  of the  e m  t o  change i n  loudness o r  in tens i ty  i s  
logarithmic. I This means t h a t  the  impression a l i s t ene r  receives when 
a of a ce r t a in  m l m  i s  increased i n  proportion t o  the two sound 
leve l s .  This logarithmic r a t i o  i s  expressed i n  decibels (usually 
2 
abbreviated db). 
A sound twice as loud as a reference sound is 3 db higher i n  
l eve l .  When a sound i s  four times louder than another, it is 6 db 
higher i n  l eve l .  When it i s  eight  times as loud, the in tens i ty  l eve l  i s  
9 db higher. A sound that i s  ten times louder than another, i s  10 db 
higher. When a sound i s  one hundred times louder than another it is 
sa id  to  be 20 db higher. 3 
I t  was s t a t ed  above t ha t  the  ear i s  not very sensi t ive  to  changes 
i n  i n t ens i t y .  This i s  substantiated when it i s  known tha t  anything l e s s  
than a doubling of t h e  sound (a 3 db increase) receives scant notice. 
A change of 2 db i s  j u s t  about discernible by the  average person, d i l e  
L 
a change of  1 db i s  hardly perceptible to the ear. Then, i f  we are to 
record with accuracy dl  frequencies, both fundamental and harmonic, 
should be no more than 2 db from the  point of reference. 
5 
% u r y  F. Olson, Musical Engineerinq (New Yorkr McGrow-Hill Book 
Company, Inc., 1956), p.r 
k e i l e r ,  z. g., p. 24. 
h e n a n  Bustein, "Understanding the Decibel," H i  -_-- Fi Stereo Review, 
vII ( ~ ~ g u s t ,  1962), 48. 
5 ~ u s i c  Educators National Conference, 2. e., p. 230. 
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Impedance. The res i s t ance  of a device to the flow of e l e c t r i c a l  
1 cur ren t  i s  termed impedance, and i s  expressed i n  ohms. There are th ree  
ranges of impedance inherent  i n  microphones; high hpedance (~i-Z) , 
medium impedance (~ed-21 ,  and low impedance (Lo-2). Twenty-five t o  
f i f t y  ohms is considered low impedance, 125 t o  250 ohms is  medium 
impedance, and anything over 1,000 ohms i s  high impedance. It is not 
necessary t o  match a microphone's impedance exactly to the  input  
impedance of t he  recorder,  but  it i s  e s s e n t i a l  t h a t  a low impedance 
microphone be used Kith a low impedance input, a medium impedance with 
a medium impedance input ,  end a high impedance with a high impedance 
2 
input. Most semi-professional and non-professional tape  recorders 
normally demand a high impedance microphone. I f  there i s  any doubt t h e  
recorder  manual w i l l  ind ica te  t h e  type of input. 
Impedance becomes an important consideration when t h e  length of 
the connecting cable  to the  recorder i s  over f i f t e e n  f e e t .  A s  t h e  cable 
i s  lengthened over f i f t e e n  f e e t  t h e  high frequency response i s  c u t  down 
Kith a high Fm~edance microphone. Also, the longer the  cables a r e  with 
a high impedance microphone the more it tends to pickup hum i n  i ts  in te r -  
connecting cables .  The lower the impedance of the  microphone the less it  
'Donald C. Hoefler, A l l  _ -  About H i  Fi T e Recordinv (~reenwich,  
Connecticutt  Fawcett Publicat ions,  Inc.,  19$ p w  
tends to pick UP hum. Since the placement of the microphone for  the 
most  de s i r ab l e  pickup of ten necessitates the use of a long connecting 
cable  between t h e  microphone and the recorder, it i s  advisable t o  use a 
low impedance microphone. This w i l l  allow f o r  the m e  of a connecting 
cable as long a s  seventy-five feet .  1 
Low impedance microphones can be matched to a high impedance 
recorder input  by the  use of a special  plug-in transformer tha t  can be 
supplied by most recorder manufacturers. I f  t h i s  i s  not possible, an 
external  cable  type transformer such as  the Shure A 8 6 ~  o r  Electro-Voice 
502A may be connected i n  the  cable a t  the  tape recorder. 
Acoustics. The acoustics of the  room i n  which a recording i s  made 
affects  t he  sound tha t  is impressed on the  tape. Sound waves may reach 
the  microphone e i t he r  d i r ec t l y  from the source or as reflected sound 
waves. These re f lec ted  sound waves may be reflected once o r  many times. 
With each r e f l ec t i on  the sound i s  momentarily l a t e r  than the d i r ec t  
sound wave when it reaches the microphone. "This prolongation of the 
o r i g i n a l  sound, due t o  many reflections,  i s  designated by the term 
With each r eflectioo some of the  sound is absorbed by 
the r e f l ec t i ng  surface u n t i l  its energy i s  dissipated. This prolongation, 
if the  r e f l ec t ed  waves are s t i l l  strong enough, w i l l  hang over un t i l  it 
h s i c  Educators National Conference, 2. e., p. 231. 
may ser iously in te r fe r  with the proper reception of music. 1 
Some musical frequencies a re  also absorbed t o  a greater extent 
than others. Reflections may also change and redistribute the relat ive 
2 i n t e n s i t i e s  of the harmonics. For t h i s  reason it is  wise to have the 
d i rec t  waves as strong as possible as compared to the reflected waves 
if a~ accurate facsimile of the original sound i s  t o  be obtained. 
It can be deducted from the foregoing that the stronger the 
d i rec t  waves the more accurate i s  the recorded sound. 
CHAPTER I11 
TECHNIQUES OF THE MICROPHONe 
Chapter 111 first discusses the  fac to r s  to consider i n  obtaining 
a microphone t h a t  is capable of giving good r d t s  i n  tape recording 
t h e  school band. However, a good microphone w i l l  obtain sa t i s fac to ry  
only  i f  it i s  used properly. The use of t h e  microphone is  
discussed i n  t h e  concluding sect ion of Chapter 111. 
I. SElECTION OF TIB MICROPHONE 
Each of t h e  f a c t o r s  discussed in Chapter I1 t h a t  apply t o  t h e  
s e l e c t i o n  of  the  micmphone has been considered. The cost  of the micm- 
phones has  been weighed i n  t h e  se lec t ion of the microphone because it is 
impossible f o r  many schools to obta in  a professional q u a l i t y  microphone. 
The p r i c e  ranees discussed will be as followst low, l e s s  than f o r t y  
d o l l a r s ;  medium, f o r t y  k~ eighty dol lars ;  ard high, above eighty dol lars .  
Frequency response. In  Chapter I1 i t  has been pointed out  t h a t  
band ins t ruments  produce frequencies t h a t  range from 27 c/s t o  16,000 
c/s. I f  t h e  sounds from these instruments are going t o  be recorded 
f a i t h f u l l y ,  t h e  microphone i d e a l l y  must respond t o  this range of f re -  
quencies with the  same i n t e n s i t y  with which they a r e  present.  Since the 
i d e e l  has not  been achieved even i n  t h e  most expensive p m f e s s i o n d  
equipment, s tandards  must be s e t  which All give good qual i ty  r e s u l t s  
within a medium p r i c e  range. 
34 
I n  Chapter  I1 it was determined t h a t  a chmge of  two db i s  j u s t  
d i s c e r n i b l e  t o  t h e  ear. h y  change of less than two db then w i l l  no t  be 
heard. The s t anda rd  of a p l u s  o r   nus two db f r o m  t h e  reference l i n e  
be adopted i n  t h e  f u r t h e r  considerat ion of  t h e  microphone. 
Through examining microphone g ec i f  i c a t i o n s  it became apparent 
t h a t  t h e  response of a p l u s  o r  minus two db down t o  twenty-seven c/s has 
been achieved  o n l y  with professional  microphones. A more r e a l i a t i c  low 
frequency response of a microphone f o r  school use  would be a plus o r  
minus two db down t o  f o r t y  c/s. This  should n o t  be in t e rp re t ed  t o  mean 
t h a t  t h e  microphone does n o t  respond a t  a l l  t o  frequencies below f o r t y  
c/s. It does say t h a t  t h e  frequencies  below t h i s  point  are more than  two 
db from t h e  r e f e r e n c e  l i ne .  Only tk.ose frequencies  corresponding t o  t h e  
lowes t  f o u r  n o t e s  on the piano would no t  be picked up with the  same 
i n t e n s i t y  as those  above f o r t y  c/s. This would not  limit t h e  recording 
1 
apprec iab ly  s h c e  band instruments  seldom play in t h i s  very low range. 
A more p r a c t i c a l  upper limit would be 15,000 c /s ,  making it 
p o s s i b l e  to procure  a microphone in the  medium p r i c e  range. As is  t r u e  
a t  t h e  low f requencies ,  this does not  mean that those frequencies  beyond 
15,000 c/s are  completely ignored, but t h a t  t h e  microphone does not  
respond with t h e  same i n t e n s i t y  cu those below 15,000 c/s. Only those 
harmonics f a l l i n g  wi th in  a range of s l i g h t l y  more than a semi-tone would 
2 
be recorded a t  l ess  than  a p lus  o r  minus two db of t h e  reference l i n e .  
* ~ e i l e r ,  2. e., pp. 25-27. 
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The frequencyresponse of the microphone f o r  school use in  re- 
cording the  band should be a plus o r  minus two db 40 t o  15,000 c/s o r  
be t te r .  
Impedance. Since it i s  often necessary to have a connecting 
cable of over f i f t een  f e e t  i n  length t o  obtain the  best placement for  
1 the  microphone, a low impedance u n i t  is  desirable, This i s  t rue  even 
though the  input  of t he  tape recorder being used requires a high imped- 
ance input. A low to high impedance microphone transformer i s  required 
t o  connect a low impedance microphone t o  the high impedance input of a 
t ape  recorder. These should be connected in the microphone l i n e  cable 
as c lose  to  t h e  tape recorder as i s  physically convenient (usually one 
to tw f e e t ) ,  
Many t ape  recorder manufacturers can supply these transformers. 
Ficmphone manufacturers a lso  can provide them. Tvo such transformers 
a r e  the  Electro-Voice 502A and the  Shure A86A. These each l i s t  at  
$10.29 from All ied Radio, Chicago. 
Many microphones are of multi-impedance. It i s  possible on some 
microphones to change impedance by a s m a l l  switch so marked a t  the base 
of the  microphone. In  some cases a simple wiring change i s  necessary, 
T h i s  should be done by a competent radio repairman. 
A microphone with low impedance is  recommended for recording the 
school band. 
1 
Music Educators National Conference, 9. G., p. 231. 
Polar  pat tern .  Chapter I1 discussed the des i rab i l i ty  of 
achieving as high a r a t i o  of d i rec t  to reflected sound waves a s  i s  
t o  obtain the  most faithful recording of the band. USO, 
i n  recording a public performance it is important to  r e j ec t  as many 
extraneous noises a s  i s  possible. 
The nicrophone with a cardiod o r  unidirectional pattern r e j ec t s  
t he  r e f l e c t e d  waves f r o m  its back, thereby ciltting down on the amount of 
ref lected waves t h a t  i t  responds to. Compared to the  omnidirectional o r  
b id i r ec t i ona l  microphone it i s  possible t o  maintain a higher r a t i o  of 
d i r e c t  t o  r e f l ec t ed  sound waves with a cardiod o r  unidirectional unit. 
The cardiod i s  recommended over the unidirectional microphone 
because i t  has a wider response f i e l d  in the areas a t  r igh t  angles to the  
f ron t  axis. Examination of Figure 10 shows this to  be true.  This is 
advantageous because of the customary band seating arrangement. The 
cardiod can be placed c loser  to the band and s t i l l  have all band members 
within t he  pickup pattern.  By so placing the microphone closer t o  the 
band, the  i n t ens i t y  of the  d i rec t  sound waves are increased Kith l i t t l e  
increase i n  t he  re f lec ted  waves. 
A microphone with a cardiod pickup pattern i s  recommended. 
Type Of micmphone. I n  Chapter I1 the frequency response of the 
carbon microphone was found to be insufficient  to  respond t o  a l l  
frequencies necessary t o  record the band. Neither was this response 
l i n e a r  o r  f l a t .  The i n t e rna l  noise level ,  which would introduce extrane- 
ous noises  i n to  the  recording, i s  very high. Most carbon microphones 
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have an omnid i r ec t iona l  pickup pa t t e rn .  They were found to be  inherent ly  
of h igh  inrpedance. The carbon microphone could no t  be considered f o r  
good q u a l i t y  band recording  applicat ions,  
crystal and ceramic microphones have a frequency response of 
approximately 100 t o  9,000 C/S. Th i s  was found by examination o f  the 
s p e c i f i c a t i o n s  of  twelve a v a i l  able  microphones from t h r e e  major American 
manufacturers ,  This  response was not  very f l a t  o r  l i n e a r ;  and individ-  
u a l ~  t h e y  v a r i e d  a great deal.  All had an omnidirectional pickup 
p a t t e r n .  They were l i m i t e d  to a cable  of f i f t e e n  f e e t  o r  l e s s  because 
they  were of h igh  impedance. They were repor ted  to be rugged and t o  
s t and  up under  norrnd opera t ing  condit ions.  However, the  c r y s t a l  micro- 
phone i s  a f f e c t e d  by high  temperatures and humidities. Their  p r i c e  range 
was i n  the low to low medium p r i c e  range. 
It was determined from microphone spec i f ica t ions  t h a t  a good 
quality dynamic microphone wfth a frequency response of  a p lus  o r  minus 
tu, db LO t o  15,000 c /s  could be obtained.' Dynamic microphones were 
found to b e  cons t ruc ted  with var ious  po la r  pa t t e rns ,  including t h e  
recommended ca rd iod  pa t te rn .  They a r e  ava i lab le  with low, medium, o r  
high impedance. Some were of a multi-impedance. They a r e  extremely 
ruep;ed, an impor tant  cons idera t ion  f o r  school use. Manufacturers have 
denons t ra ted  t h e i r  ruggedness on some models by dr iv ing  n a i l s  with no 
'gy e x m i n a t i o r  of microphone spec i f i ca t ions  fmm coKpanies l i s t e d  
i n  Bibl iography under Other Sources. 
damage o t h e r  than  t h e  finish. They a r e  ava i l ab le  i n  t h e  
medium t o  h igh  p r i c e  categories .  
A good q u a l i t y  dynamic microphone i s  recommended f o r  band 
recording app l i ca t ions .  
A v e r y  l i n e a r  frequency response of a p l u s  o r  minus two db 40 t o  
15,000 c/s o r  b e t t e r  has  been achieved i n  good q u a l i t y  ribbon o r  v e l o c i t y  
microphones. They a r e  ava i l ab le  Kith any of the pickup pat terns.  The 
rfbCon microphone i s  cons t ruc ted  with any impedance range o r  with a 
multi-impedance arrangement. It i s  qu i t e  f r a g i l e  and e a s i l y  damaged 
because o f  t h e  h igh  compliance of the ribbon. It i s  not  s a t i s f ac to ry  
f o r  outdoor  u s e  as even a l i g h t  breeze dl1 a c t i v a t e  the  ribbon, c rea t ing  
a rush ing  sound on t h e  recording. A wind sh ie ld  w i l l  cut down on this 
e f f e c t  b u t  will n o t  completely e l iminate  it. The p r i ce  of t h e  ribbon 
u n i t  i s  i n  t h e  medium to high p r i c e  range. 
Percues ion  instruments  and t h e  piano a r e  recorded espec ia l ly  well  
by a r ibbon microphone. This type of unit is the one tha t  i s  prefer red  
1 
i n  most p r o f e s s i o n a l  recording applicat ions.  It i s  very s a t i s f a c t o r y  
i n  every r e s p e c t  except  f o r  t he  necess i ty  of care in handling. For this 
reason i t  cannot  be recommended f o r  school use. 
The condenser o r  capaci tor  microphone f a l l s  i n t o  t h e  very high 
price range. Its frequency response i s  very l i n e a r ,  exceeding our 
1 George Riley ,  I1How to Choose the  Proper Microphone," Elec t ronics  
World, - LXIV (September, 1960), 37. 
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miriimtm of a p l u s  01- minus two db 40 to 15,000 c/s. It compares in 
ruggedness to t h e  d ~ n m i c a .  A s t ep  down preamplif ier  i s  necessary 
because of its i n h e r e n t  U g h  impedance. It requi res  i t s  own ex te rna l  
power supply. The c a p a c i t o r  microphone i s  avai lab le  with a q  des i r ed  
p o l a r  p a t t e r n .  
The condenser o r  capac i to r  microphone w a s  n o t  considered because 
of i t s  h igh  cos t .  
Summary of microphone spec i f ica t ions .  The dynamic microphone i s  
- 
recommended f o r  school  use. I t  should have a frequency response of a 
p l u s  o r  minus two db 40 to 15,000 c / s  o r  b e t t e r .  The po la r  pa t t e rn  
should be cardiod.  
The p r i c e s  of microphones having these  recommendations va r i e s  
from f o r t y - f i v e  d o l l a r s  and up. The suggested manufacturers l i s t  p r i c e  
i s  a pood i n d i c a t i o n  of t h e  over a l l  q u a l i t y  of a microphone. M t e r  
cons ide ra t ion  of t h e  above recommendations the l i s t  p r i ce  should be 
ueiehed. 
11. PLACEMEET OF THE MICROPHONE 
Placement of  t h e  microphone was discovered i n  Chapter I1 t o  be a 
v e w  c r i t i c a l  part of t h e  job of securing a recording t h a t  i s  an accurate 
l i k e n e s s  of t h e  or iginal .  sound. The w r i t e r  has no t  found a complete s e t  
of "rul  esn t h a t  u i l l  apply t o  every s i tua t ion .  However, through h i s  
exper ience  and t h e  howledge  of recording engineers,  the writer has found 
8 number of procedures and guides t h a t  can be applied to secure a more 
a u t h e n t i c  sound. 
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~ c o u s t i c s  
Chapter I1 disclosed the r a t i o  of di rect  to ref lected sound waves 
should be as high a s  possible. Band one of the accompaning tape 
i l l u s t r a t e s  t h e  e f fec t  of reflected waves upon the sound. A paragraph 
four sentences i n  length was read three dif ferent  times under three 
d i f fe ren t  circumstances. This t e s t  could have been done with an i n s tm-  
rnent, bu t  t h e  voice gave a more graphic i l l u s t r a t i on  of t h e  effects  of 
t h e  acous t ics  upon a recording. 
Tes t  -- one showing the e f f ec t  of acoustics upon recording. The 
- -
f i r s t  t e s t  was done in t h e  instrumental music room of the  Fort Dodge 
Senior High School. The f irst  sentence was read at a distance of one 
foot  from t h e  microphone, the second a t  four fee t ,  the thi rd  a t  e ight  
f e e t ,  and 'he last a t  twelve feet .  I n  each case the volume was adjusted 
so t h a t  each sentence would be recorded a t  the same intensity. 
A second reading of the paragraph was made in a typical classroom 
a t  the  For t  Dodge Senior High School to i l l u s t r a t e  the e f fec t  of a very 
reverberant o r  l i v e  room upon a recording. Exactly the same procedure 
w a ~ ~  followed a s  i n  the  f i r s t  reading. 
A t h i r d  t e s t  was d s o  made i n  the same classroom a t  the  same 
dis tance as the two previous readings. However, t h i s  time the recorder 
volume l e v e l  was held constant. 
The f irst  sentence of t e s t  two w a s  spliced on a f t e r  the f i r s t  
sentence of t e s t  one. The first sentence of t e s t  three was spliced on 
4 l  
fo l loulng t es t  two. The second s e t  of sentences urn arranged i n  the ame 
mmner and s p l i c e d  on immediately f ~ l l o ~ i n g  the  f i r s t  s e t  of sentences. 
 his procedure w a s  continued until the  t h r e e  s e t s  of  recordings Mere 
combined i n t o  a master tape t h a t  contained each sentence three  times i n  
succession, recorded a t  the same dis tances  but  under d i f ferent  conditions. 
Test one of t h e  tape graphical ly represents  t h e  e f f e c t  of rever- 
be ra t ion  upon a recording. Subtle differences i n  t h e  tone color became 
apparent on l i s t e n i n g  t o  t h e  tape. Also, it sounded though each 
sentence w i t h i n  each p u p  was recorded a t  different distances. The t e s t  
i l l u s t r a t e d  t h e  e f f e c t  of reflected sounds upon the  recorded sound and 
demonstrated the importance of the proper microphone placement. 
Number of  Microphones 
The engineering department of t h e  National Broadcasting Company 
i s  c a t e g o r i c a l l y  committed t o  t h e  p r inc ip le  t h a t  the best  musical pickup 
1 
can be made on one microphone only. The chief objection t o  a multiple 
microphone pickup by a l l  engineering sources that t h e  writer conferred 
with was t h a t  one instrument o r  group of instruments have a tendency to 
stand ou t  t o o  prominently and thus upset t h e  balance. A fu r the r  objection 
was t h ~ t  more thm one microphone has the tendency t o  muddy up the sound. 
Harold Emis f u r t h e r  v e r i f i e d  t h i s  by s t a t ing ,  "Multi-dcmphone setup i s  
1 
Alber t  Crews, Radio 
-
Hassachusetts: The Riverside Press, 
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never  q u i t e  as e l e m ,  p r o b b b  because of the severa l  paths e m h  sound 
1 
can take." 
T e s t  two i l l u s t r a t i n g  use  o f  two microphones. The second t e s t  on -- --- 
t h e  demonst ra t ion  tape  i l l u s t r a t e s  t h e  use  of  two microphones. This 
r eco rd ing  w a ~  made w i t h  One microphone centered from l e f t  t o  r i g h t  and 
t h r e e  f e e t  back of a l i n e  drawn across  the  f r o n t  of t h e  band. It was 
r a i s e d  to  a h e i g h t  o f  n ine  f e e t .  The second microphone was placed 
f i f t e e n  f e e t  to t h e  f r o n t  o f  t he  f i r s t  row, a l s o  nine f e e t  high. They 
were connected to t h e  r eco rde r  by means of a dual connector. It is 
apparent  o n  t h e  recording  t h a t  t h e  brasses,  i n  p a r t i c u l a r  t he  trumpets, 
and t h e  p e r c u s s i o n  over-balance the  woodwinds. Neither i s  t h e  recording 
as c l e a r  and c l e a n  c u t  as i s  poss ib l e  w i t h  only one microphone. This 
would seem to be due  t o  t h e  d i f f e r e n t  pa ths  t h a t  t h e  sound can take. 
The conclus ion  from t h i s  da t a  was t h a t  one microphone vill give 
the  b e s t  results i n  recording the  band. A l l  f u r t h e r  condit ions were 
cons idered  w i t h  t h e  use of one microphone. 
Experiments on Dis tance  o f  Microphone from t h e  Band 
The fo l lowing  groups of recordings were made with a s ix ty- f ive  
pirce:  band. Th i s  s i z e  was decided upon because it c m  be considered as 
a medi.um s i z e d  organiza t ion .  This was d ic t a t ed  by t h e  m r a c t i c a b i l i t y  
l ~ a r o l d  Ennes, Bmrdcas t  Operators lmual  ( N ~ U  York: John F. Rider, 
Inca, 19b7) ,  p. 70. 
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of t o  make t a p e  recordings of all t h e  various s i z e s  of bands 
d t h  a l l  the v a r i a t i o n s  i n  h e i g h t s  and d is tances  in placement of t h e  
These f ind ings  can be adapted t o  l a r g e r  o r  smaller bad8 
only slight adjustments.  These v a r i a t i o n s  w i l l  be pointed out  when- 
eve r  t h e  writers exper iences  has shown them to be true. 
All microphone d i s t a n c e s  r e fe r r ed  t o  i n  t h i s  s ec t ion  of the repor t  
were measured from t h e  i n t e r s e c t i n g  po in t  of a l i n e  drawn from f ron t  to 
back through t h e  middle of the  band and a l i n e  drawn immediately across  
t h e  f r o n t  row of t h e  band. This  poin t  is  r e fe r r ed  t o  as zero f e e t .  The 
experiments  were done wi th  t h e  microphone on a f l o o r  s tand a t  a height  of 
s i x  f e e t .  Four d i s t a n c e s  were chosen that a r e  representa t ive  of those 
t h a t  might  be  used i n  recording appl ica t ions .  Speci f ic  s i t u a t i o n s  might 
l i m i t  t h o s e  d i s t a n c e s  t h a t  can be considered because of  the s i z e  of t h e  
room. 
Test t h r e e  with microphone placed at zero f e e t .  Test t h ree  of the 
--- --- 
t a p e  i s  a r eco rd ing  of a band w i t h  t he  microphone p lace  a t  zero feet  from 
the  band. By l i s t e n i n g  t o  t h e  t a p e  i t  became p p a r e n t  t h a t  the  brasses 
and pe rcuss ion  completely overbalanced t h e  woodwinds. The low frequencies 
of the wodwinds were almost  completely l o s t .  This gave the  uooduinds an 
u n r e a l i s t i c  sound composed pr imar i ly  of the  upper frequencies.  The upper 
harnonics  predominated t h e  v~odwind sound. Those instruments a t  the 
f r o n t  on t h e  o u t s i d e s  were somewhat lower i n  i n t e n s i t y  in  comparison t o  
the live sound. 
44 
Test  f o u r  with microphone placed a t  f ive  feet. The dcmphone 
--- --- 
was ~ l a c e d  f i v e  f e e t  i n  front of the band for  t e s t  four. On t h i s  t e s t  
the ~ o d u i n d  sound was more a t h e n t i c  than t h a t  of t e s t  three. Their 
low frequencies are nearly equal t o  t h e  high frequencies i n  intensity. 
The balance between the  instrument f a n i l i e ~  was much nearer the rea l  
sound, although t h e  brasses were s t i l l  somewhat heavy in comparison b 
the  l i v e  sound. The percussion were s t i l l  overbalancing the other 
sect ions  although not  as much so as on test  three. 
Test  f i v e  with microphone placed at ten feet. The microphone was 
--- --- 
placed t e n  f e e t  i n  f r o n t  of the band f o r  t e a t  five. The balance between 
the  brass ,  woodwind, and percussion was bet te r  than tha t  a t  zero and f ive  
feet .  The presence of the  woodwinds was excellent. There did seem to be 
a s l i g h t  colorat ion o f  t h e  upper hannonics of the woodwinds. This would 
be due t o  t he  presence on the tape of more reflected sound waves than on 
the pmvious t e s t s .  
Test  s i x  with microphone placed a t  twenty fee t .  Test s ix  of the 
--- -
tape was made with the microphone twenty f e e t  in front of the band. This 
require8 a l a r g e r  room than was necessary for  t h e  previous t e s t ,  which 
introduces the  pos s ib i l i t y  of reverberation exerting a greater effect  upon 
t h e  recording. The room i n  which t e s t  six was made was a t y p i c d  s m a l l  
W m n a ~ i m ,  for ty - f ive  f ee t  by eighty-five fee t  w i t h  theceil ing twenty-twd 
feet high. The band was seated a t  one end facing the long w4V. 
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The balance On t h i s  t e s t  Was excellent i n  conparison to the live 
sound. ~11 sec t ions  were in t he i r  proper perspective. There i s  a 
colora t ion  of the  sound due ta reverberation. The upper 
harmonics are more intense than i n  the veri table sound. There i s  a 
ringing i n  t h e  percussion tha t  was not present on the previous tes t .  
Test  seven i n  Fort  Dodge Senior High School band room with micro- 
----
----
hone a t  e i g h t  fee t .  The previous t e s t  tapes made it apparent tha t  the P- -
bes t  d i s tance  t o  place t he  microphone to achieve the most accurate sound 
in comparison t o  the  l i v e  sound was somewhere i n  between f ive  and ten 
f e e t  i n  f r o n t  of t he  band. The maximum distance possible i n  the Fort 
Dodge Senior High School band room i s  eight f e e t  s i x  inches. Test seven 
was made a t  e igh t  f e e t ,  j u s t  s ix  inches from the wall. The balance on 
t h i s  t e s t  was s a t i s f ac to ry  dthough the  percussion was somewhat heavy 
and muddy. There seemed to be an undue amount of coloration that  could 
have been due t o  t h e  c las  e proximity of the microphone to the w a l l .  
Test  -e igh t  -- i n  Fort  Dodge -- Senior High School band room with micro- ----- 
hone a t  seven feet .  Test  e ight  on the tape was made with the microphone P --
placed seven f e e t  f r o m  the band. It compamd very closely Kith t e s t  
seven i n  balance. The sound was excellent i n  comparison to  the true 
sound. The colorat ion and muddiness that  was characterist ic of t e s t  
seven was improved. The brasses were s l igh t ly  heav  i n  comparison to the 
authentic sound. This t e s t  recording waa most nearly true to the l i v e  
sound o f  my of t h e  previous tapes. 
Summary of experimentat ions on d is tance  of the microphone from 
- - -- - -
- 
t h e  band. The e l t p e r h e n t a t i o n s  of t he  t a p e  ind ica t e  t h a t  t h e  most 
--
s a t i s f a c t o r y  r eco rd ing  can be achieved with t h e  microphone placed a t  a 
d i s t a n c e  o f  f i v e  t o  t e n  f e e t  from the  band. The test recordings 
i n d i c a t e d  t h a t  in a smd.l room the d is tance  should be nearer  f i r e  f ee t ,  
and a s  t h e  room becomes l a r g e r  the microphone should be move f a r t h e r  
from t h e  band. The experiments denoted tha t ,  i f  t he  sound i s  going to 
be an a u t h e n t i c  reproduct ion  of the  l i v e  sound without excessive color- 
a t i o n  by t h e  r e f l e c t e d  sound waves, the maximurn d is tance  t'nat the 
microphone can be  f r o m  t h e  band i s  ten fee t .  
Sxperiments on  Height  o f  t he  Microphone 
The t e s t  r eco rd ings  made on t h e  accompaning t ape  concerning the 
most s a t i s f a c t o r y  h e i g h t  t o  p l ace  t h e  microphone were f i r s t  conducted 
with t h e  microphone a t  a d is tance  of seven f e e t ,  indicated i n  t h e  summary 
of the  experiments  on d is tance .  A l l  he ights  were measured from the f loo r  
l ~ v e l  of t h e  lowes t  row o f  p l aye r s .  
T e s t  n i n e  u i t h  microphone a t  h e i ~ h t  of eleven f ee t .  Test nine 
--- -
was conducted u i t h  t h e  microphone a t  nearly the maximum height possible  
i n  t h e  F o r t  Dodge Senior  Hi;h School band mom. The height of  eleven 
f e e t  p l a c e s  the microphone s i x  inches f r o m  the ce i l ing .  Two major 
c ! l ~ a c t e r i s t i ~ ~  were apparent  when l i s t e n i n g  t.o t h i s  t e s t .  The f i r s t  was 
t h a t  t h e r e  was excess ive  co lo ra t ion  of t h e  sound, p a r t i c u l m l y  of the 
l i izher  harmonics. The tone was not r e a l i s t i c  with t h e  ve r i t ab le  sound. 
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secondly, t h e  pe rcuss ion  were heavy as compared to the  t m e  balmce of 
sound. There a l s o  was WWmal reverberat ions,  almost echo, i n  t h e  per- 
cussion sound. The ba lance  between b ras ses  and wmdvinb was authentic.  
Qorne of the p resence  of t h e  woodwind sound i s  lacking. 
T e s t  t e n  w i t h  microphone at height  o f  n ine  fee t .  The next t e s t  on 7-- - --- 
t h e  t a p e  was done w i t h  t h e  microphone a t  a he ight  of  nine fee t .  The 
balance between t h e  woodwinds, b ra s ses  and percussion was sat isfactory.  
The c o l o r a t i o n  of t h e  h igher  frequencies  t h a t  was apparent on test eleven, 
was improved. The w o d w h d  presence was good. 
T e s t  -e leven  w i t h  -microphone - a t height  of six f e e t .  The f i n a l  t e s t  
--- 
i n  t h e  F o r t  Dodge Sen io r  High School band mom was performed with the  
he ight  of  t h e  microphone a t  six f e e t .  Compared Kith t e s t  ten  the  brasses 
were somewhat heavy. Some of  t h e  woodwhd presence was absent i n  
comparison t o  the p m v i o u s  t e s t .  This  sound was not  as authent ic  as t h a t  
of t e s t  e leven.  
Summary - of e x p e r h e n t a t i o n s  - -  with height  - of microphone. The 
exper iments t ion  w i t h  t h e  t a p e  i n d i c a t e  t h a t  the most s a t i s f ac to ry  record- 
i n g  can be achieved  w i t h  t h e  microphone adjus ted  t o  a  height of nine fee t .  
A cont r ibut inp .  f a c t o r  he re  i s  the height of  the ce i l ing .  The t e s t s  showed 
t h a t  u n r e a l  c o l o r a t i o n  of t h e  sound r e s u l t e d  i f  the micmphone was placed 
too c l o s e  to t h e  c e i l i n g .  The t e s t s  i nd ica t e  t h a t  the microphone should 
be placed  as h igh  as p o s s i b l e ,  o r  u n t i l  reverberat ion from t h e  ce i l i ng  
lr8 
becomes excessive. If t h e  brasses overbalance the wooddnd and percus- 
,j.on it i n d i c a t e s  t h a t  the  microphone is too low. If the percussion 
sound is too heavy and their sound i s  unreal is t ic  the indicat ions are 
t h a t  the microphone is too high- In e i ther  case the presence of the 
woodwinds i s  lacking* 
SUMMARY AiJD CONCLUSIONS 
I* SUMMARY 
The P ~ V O J ~  of %is s tudy  was to prepare a m m a l  of microphone 
techniques  f o r  a c h i d n g  t h e  b e s t  p o s s i b l e  r ehea r sa l  rsmrdings bg. the 
~ c h o o l  band d i rec tor  f o r  his study to determine those  areas  
improvement is  p o s s i b l e .  The w r i t e r  surveyed books on acoust ics ,  acous- 
t i c a l  and r a d i o  engineer ing;  p e r i o d i c a l s  i n  t he  high f i d e l i t y  f i e ld ;  end 
m a t e r i a l s  from microphone manufacturing companies. Chapter I1 explained 
t h e  terms and processes r e l a t e d  to tape recording t h a t  are necessary t o  
comprehend all f a c t o r s  involved  i n  t h e  s e l e c t i o n  and use of the micro- 
phone. Chap te r  I11 d i scussed  t h e  s e l e c t i o n  and placement of the 
microphone. 
11. CONCLUSIONS 
The a tudy  found t h a t  t h e  dynamic micmphone of low impedance with 
a ca rd iod  pickup p a t t e r n  w a s  t h e  b e s t  for school use i n  recording the band. 
should have a frequency response of a p lus  o r  minus two decibels  f r o m  
40 15,000 c y c l e s  p e r  second. The experiments conducted on the tape 
i n d i c a t e  t h a t  t h e  microphone should be placed f r o m  f i v e  to ten feet in 
f r o n t  of t h e  band a t  a h e i g h t  of nine f ee t .  The exact placeraent depends 
on t h e  size m d  B C O U S ~ ~ C S  of t h e  room and t h e  s i z e  of the  band. If the 
So 
room i s  l a r g e  and space allows, t h e  microphone should be moved farther 
,W f r o m  t h e  band. It may a l s o  be necessary to move the microphone out 
d t h  large band t o  p l a c e  dl of t h e  bandmen within the p i c h p  pattern. 
The study shows t h a t  t h e  microphone should be a minimum of tuo f e e t  s ix  
inches from t h e  c e i l i n g .  The study indicates  t h a t  i f  the microphone is 
any c l o s e r  t h a n  t h i s  undue colora t ion of the percussion results .  The 
i n d i c a t e  t h a t  if the  percussion i s  too heavy the microphone is 
b o  high. If t h e  microphone i s  too low the brasses overbalance the other 
sec t ions .  I n  e i t h e r  case t h e  woodwind presence i s  l o s t ,  
The experiments conducted on the  tape cannot be interpreted to 
mean exac t  d i s t a n c e s  t h a t  w i l l  be the most sa t i s fac tory  i n  every situa- 
t ion .  There are an inf ini te  number of var ia t ions  i n  room sizes,  shapes, 
and acoust ics .  The size of the  band may possibly d ic ta te  minor varia- 
tions. The conductor ' s  e a r  is mother factor that ,  through personal 
preference,  may d i c t a t e  some changes. These variables may result in some 
adjustments o f  d i s t a n c e s ,  but the study and the  experinents indicate 
t h a t  t h e s e  d i s t a n c e s  w i l l  give t h e  most sa t i s fac tory  results ,  
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APPENDIX 
Recording Experiments. 
111 experiments conducted on t h e  accoapaning tape wem bne xitb 
a &-,borts 990 t a p e  recorder.  The miemphone used was a Shure 330s 
ribbon microphone of low impedance with a cardiod pattern. 
Test one. A paragraph four  sentences long was ~ e d  under three different 
--
s i tua t ions .  F i r s t ,  it Was read i n  the Fort Dodge Senior ~ i g h  sch0l 
band room. The f i rs t  sentence was read with the microphone placed 
one f o o t  from t h e  speaker. The second sentence was read with the 
speaker f o u r  f e e t  f r o m  t h e  microphone. The speaker was eight feet 
from t h e  microphone f o r  the t h i r d  sentence, and twelve feet for the 
four th  sentence.  The recording l eve l  was adjusted on the tape 
recorder s o  t h a t  each sentence w a s  recorded a t  the same level. The 
sane procedure as the  first was conducted i n  an ordinary classroom 
of t h e  F o r t  Dodge Senior High. The paragraph w a s  read again in the 
same classroom under the same circumstances as the previous times 
except t h a t  t h e  recording l e v e l  was held constant fo r  a l l  sentences, 
Test two. Experiment using two microphones. Microphone A was placed a t  
zero f e e t  n ine  f e e t  high. Micmphone B was placed a t  f i f teen feet, 
a l s o  nine feet  high. 
Test three.  The microphone w a s  placed zero fee t  in front  of the band a t  
--
a height  of  six f e e t .  
Test four. The microphone w t u  placed f ive  f e e t  i n  front of the band a t  
--
a height  o f  six f e e t .  
Test -- f ive .  The microphone was placed ten f e e t  i n  front of the band a t  
a height  o f  six f e e t .  
Test s ix.  The microphone w a s  placed twenty fee t  in  front of the band 
--
a t  a height  o f  s i x  fee t .  
Test -- seven. The microphone was placed eight f ee t  i n  f m n t  of the band 
a t  a height  o f  S F ~  f e e t .  
Test eight .  The nicmphone ups placed seven f e e t  in  front of the band 
-
a t  a height  of six fee t .  
Test -- nine. The microphone was placed a t  a height of eleven feet at a 
distance of seven f e e t  from the band. 
~~~t an. The d c r o ~ h o n e  wm placed a t  a height of nine feet a 
-distance of seven feet from the band. 
Test eleven. The microphone was placed at height of six feet at a -
-distance of seven feet fmm t h e  band. 
